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Comparative i\ccuracy and Efficiency 
in Determination of Carbohydrates 
in Plant Material 
P. IL HEINZ.E AND A. E. MuRNEEK 
In a physiological and biochemical approach to problems of nu-
trition, growth and development of plants, it is frequently necessary 
to ascertain the relative production, distribution and concentration of 
carbohydrates. They are the building materials and form the struc-
ture and the bulk of the dry matter of plants. Moreover, they are 
the most important ingredients in practically all plant organs of ec-
onomic importance. 
Chemically, carbohydrates are aldehyde or ketone derivatives of 
polyatomic alcohols, the molecules of which contain one carbonyl 
(0=0) and one or more hydroxyl (OH) groups. They are usually 
found in an uncombined state in the simpler monosaccharic1es and in 
sohle of the disaccharicles. 'l'he higher sugars and non-sugar reserves 
must be hydrolyzed to free the carbonyl group before their deter-
mination can be made, as with the simpler sugars. 'l'he ease of oxi-
dation of aldehyde and ketone groups forms the bar-;is for the chem-
ical analysis of carbohydrates. 
In a hot alkaline solution, glucoses' reduce picric acid to picramic 
acid, indigotin to ·white indigo, and ferricyanicles to ferrocyanides. 
Bismuth, murcury, silver, platinum and gold compounds are re-
duced to the respective metals, and ferric and cupric salts to fer-
rous and cuprous compounds. 
Many methods of determining carbohydrates depend upon the 
reduction of cupric copper to cuprous oxide. The insolubility of the 
cuprous oxide affords an opportunity for its determination by various 
procedures. In the more recent methods picric acid and potassium 
ferricyanide have come into wide use also. 
Biological substances other than true sugars will reduce the re-
agents that are used in current methods of sugar analysis (1, 2, 3).* 
It is, therefore, to be expected that various reagents, even though 
standardized as to their glucose equivalents, ·will yield different results 
when applied to extracts of plant tissues. 
·with the appearance of numerous methods for the determination 
of sugars has come the question of their relative merits. \Vhen con-
sidering any method, the requirements of rapidity and accuracy are 
paramount. 
*See list of references on page 23. 
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THE PROBLEM 
In this investigation an attempt was made to study the comparative 
efficiency, accuracy and reliability of some of the more commonly used 
methods for determining carbohydrates. The object in view being 
to adopt one of them as a useful procedure for the laboratory. 
Specifically the problem consisted of: 
1. Comparison of amount of sugars and certain other carbohy-
drates present in the extracts of various plant tissues as de-
termined by a few of the more widely used methods. 
2. Consideration of the accuracy and rapidity of the methods. 
3. Determination of some of the chief causes for variations be-
tween them. 
The following methods were compared: 
1. Bertrand's method, with the Munson-Walker heating proce-
dure (4). 
2. Shaffer-Hartmann's method, using Fehling's solution (5). 
3. Shaffer-Somogyi's method, with carbonate-bicarbonate reagent 
[(Reagent "50") (6, 3).] 
4. Hagedorn and Jensen's ferricyanide method, modified (7, 8, 
9, 10). 
5. Willaman and Davidson's picric acid method (12, 11). 
MATERIALS AND METHODS 
The tissues used in these investigations were some of the available 
materials that were frequently analyzed during the course of various 
experiments in the Department of Horticulture. The sample in-
cluded apple leaves, spurs, roots; strawberry leaves, stems, roots; 
green tomato fruit; tomato leaves; soybean leaves; table beets; sugar 
beet leaves; and bluegrass. These samples were all collected in a 
fresh condition, immediately placed in an oven, and dried rapidly 
_under forced ventilation at a temperature of 75°C. After drying, 
the samples were cut into small pieces in a Wiley mill and ground 
into a fine powder in a Merker mill. From 2 to 5 grams of the tissue, 
depending upon the sugar content, were weighed out and placed into 
thimbles and extracted in a Soxhlet extractor with 110 milliliters of 
80 per cent (by weight) ethyl alcohol for three hours. After the 
extraction was complete, the alcohol was evaporated from the filtrate 
on a sandbath. Spattering was prevented by passing a continuous 
stream of air into the fl.ask. The evaporation was continued until 
no odor of alcohol could be detected. Small amounts of water were 
added from time to time. The final volume of the filtrate was re-
duced to about 20 milliliters. After cooling, 5 milliliters of a satu-
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rated neutral lead acetate solution were added. 'l'he solution was then 
filtered onto 15 grams of potassium oxalate crystals. The solution was 
again filtered into a volumetric flask and brought to volume. Ali-
quots were taken from this solution and the sugars determined by the 
following methods.* 
Bertrand's Method 
SOLUTIONS: 
Soxhlet modification of Fehling's solidion, (a) Copper sulfate 
soliition, containing 69.28 grams of CuS045H20 per liter, and (b) 
.Alkaline tartrate solution, containing 346 grams of Rochelle salts and 
100 grams of NaOH per liter. 
Ferric ammoni'.um sidfate solid·ion-240.9 grams of erric ammo-
nium sulfate were dissolved in about 600 milliliters of water, and 200 
milliliters of concentrated sulfuric acid added, cooled, and made to 
1 liter. 
Potassiwrn permanganate solidion-(approximately .05N.) 1.5803 
grams of potassium permanganate were dissolved in water ancl 
made up to one liter. The solution was allowed to stand for a week, 
with an occasional shaking, and then :filtered through an asbestos mat 
and standardized with U. S. Bureau of Standards' sodium oxalate. 
Standardization was carried out as directed by the Bureau of Stand-
ards. 
Twenty-five milliliters of each of the solutions (a) and (b) were 
transferred to a 300-milliliter Erlenmeyer fiask and 50 milliliters of 
the sugar solution were added, making a total of 100 milliliters of 
solution. When the sugar solution was more concentrated, smaller 
volumes were used and water was added to make 50 milliliters of so-
lution. The solutions were heated according to directions given by 
Munson and Walker (13) and the cuprous oxide filtered off at once 
through an asbestos mat in a porcelain Gooch erucible, using suction. 
The asbestos had previously been treated with hydrochloric acid, 
sodium hydroxide, and hot alkaline tartrate solutions, as recommended 
by the A. 0. A. C. (14). The precipitate was thoroughly washed 
with hot distilled water in order to remove all traces of the Fehling 's 
solution, and then dissolved in 10 milliliters of ferric ammonium sul-
fate solution. The dissolution of the precipitate was considerably 
facilitated if the mat and the precipitate were broken up with a stream 
of hot water before adding the ferric ammonium sulfate solution. 
Care was always exercised to make sure that the crucibles were thor-
oughly washed with the ferric ammonium sulfate solution and with 
hot water. The solution was returned to the flask in which it was 
*The chemicals used in making the solutions were of Merck's or Mallinckrodt's analytical 
reagent quality. The glucose, sucrose, and sodium oxalate were secured from the U. S. Bureau 
of Standards. 
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heated. Distilled water was added to increase the total volume to 
about 150 milliliters. The solution was warmed to about 70°0. and 
titrated with the carefully standardized potassium permangenate so~ 
lution. 
A. burner guard and a gas pressure manometer (described by Loomis 
and Shull (15)) were used to regulate the heating conditions. The 
pressure necessary to bring the 100 milliliters of solution to boiling in 
4.0 + 0.1 minutes were recorded. Adjustments could be made for 
the changes of pressure in the gas supply and thus a flame of the 
same heat intensity was maintained. . 
The pipettes used in all experiments were specially calibrated. 
CALCULATIONS: 
The copper factor, F, of the potassium. permanganate solutions was 
calculated by multiplying the molecular weight of copper by the 
normality, Np, of the permanganate solution. 
F = 63.57 X Np 
The milliliters of KMn0 4 minus the blank value of a sample run with 
50 milliliters of distilled water, in place of the sugar solutions, mul-
tiplied by F gives the milligrams of reduced copper in the sample. 
The glucose equivalent was found by consulting the Quinsumbing and 
Thomas tables. 
Shaffer-Hartmann Method 
SOLUTIONS: 
Fehling's Solution as described under Bertrand's method. 5N sul-
phuric acid solution-about 150 milliliters of 95 per cent H 2S04 per 
liter. 
Potassiiim oxalate soZidion-saturated solution, approximately 400 
grams per liter . 
. 1N sodi1tm thiosulf ate solution-24.82 grams of Na2 S20 3·5H20 
dissolved in boiled redistilled water and made up to 1 liter. This 
solution was standardized with electrolytic copper according to the 
procedure given by Treadwell and Hall ( 16). 
Potassium iodate-potassiiirn iodide solutfon-5.4 gms. KI03 and 
60 grams of KI per liter plus enough KOH (about 1 gram. per liter) 
to make the solution slightly alkaline. 
Indicator solution-I per cent starch solution in a saturated so-
dium chloride solution. 
Twenty-five milliliters of each of the Fehling's solutions and 50 
milliliters of the sugar solution were heated as for the Bertrand 
method. After heating, the flasks were immediately transferred to a 
water bath and cooled to about 40°0. Exactly 25 milliliters of the 
KI03..;KI solution were added. Twenty milliliters of 5N H 2S0.1 were 
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added and the solution stirred by rotating the flask. Twenty-two 
milliliters of the oxalate solution were added and the solution ti-
trated at once with the Na2S20 3 solution. One milliliter of the 
starch solution was added when the titration approached the end 
point. 
CALCULATIONS: 
The copper factor was found as for the Bertrand method. The 
blank titration value minus the milliliters of thiosulfate solution re-
quired to reach the end point of the aliquot multiplied by the cop-
per factor gave the milligrams of copper. The glucose equivalent was 
found by using the Munson-\Valker tables. 
Shaffer-Somogyi Method 
SOLUTIONS: 
Copper-iodometric Reagent "50": 
Sodium carbonate (anhydrous) 
Sodium bicarbonate 
Rochelle salt 
Copper sulfate ·5H2 0 
Potassium iodide 
grams/ liter 
25 
20 
25 
7.5 
I 
Potassium iodate, 200 cc of solution, .IN as to iodine. 
Potassium iodi:de-potassium oxalate soliition -2.5% in respect to 
each. 
1N H 2S04 solu.tion-made by diluting concentrated H 3S04 • 
0.02 sodium thiosi1.lfate soliition. This solution was made by di-
luting the carefully standardized solution used in the Shaffer-Hart-
mann method. A new solution was made each day. 
Ten milliliters of sugar solution were measured into a (25mm x 
200mm) test tube and 10 milliliters of reagent "50" were added. 
These solutions were thoroughly mixed and covered with glass bulbs 
blown from thick walled tubing. The tubes were placed in a vigor-
ously boiling water bath* for fifteen minutes. They were firmly held 
in metal racks during the heating to avoid undue agitation. At 
the end of the heating period the tubes were removed to a container 
with running tap water and cooled for three minutes (to about 30°C.). 
Two milliliters of the potassium iodide-potassium oxalate solution 
were added to each tube, followed by 10 milliliters of IN H 2S04• The 
tubes were rotated to insure complete mixing of the contents and dis-
solution of the cuprous oxide. 
*The water bath was made of sheet metal. An overflow was adjusted to keep the boiling water at a constant depth of 2cm above the liquid in the tubes. 
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The bulbs were replaced and the solutions allowed to stand five min-
utes, then titrated with .02N thiosulfate solution. One milliliter of 
starch solution was used as an indicator. Blanks were run with each 
set of determinations or at least once every day. Burettes calibrated 
to .05 milliliters were used for measuring the reagents and for the 
titration. 
The method as outlined above is a slight modification of that used 
by Shaffer and Somogyi. Twice the amounts of all the reagents were 
used. 
CALCULATIONS : 
The blank titration minus the titration value of the sample gave 
the milliliters of thiosulfate equivalent to the sugar in the sample. 
Previously constructed graphs having milligrams of glucose plotted 
against milliliters of thiosulfate solution were used to calculate the 
amount of sugar in the aliquot. The graphs were constructed from 
data secured by using Bureau of Standards dextrose. 
Hagedorn-Jensen Method 
SOLUTIONS: 
· Alkaline feiricyawidc solution-16.5 grams of dry potassium fer-
ricyanide and 22 grams of anhydrous sodium carbonate in one liter 
of water. 
Aoetic acid reagent-200 milliliters of glacial acetic acid, 70 grams 
of KCI, and 20 grams of ZnS0'1·7H2 0 per liter. 
Potassium iodfrle solution-50 % solution. 
0.05N sodium th1'.osulfate soliition--made b:v diluting the solution 
used in the Shaffer-Hartmann method. 
Ten milliliters of the sugar solution were introduced into a (25mm 
x 200mm) test tube and 20 milliliters of the ferricyanide reagent were 
added. The tubes were covered with glass bulbs and placed in a boil-
ing water bath for fifteen minutes. After cooling in tap water the 
contents were emptied into a 125 milliliter Erlenmeyer flask and the 
tubes rinsed out with 50 milliliters of the acetic acid reagent. One 
milliliter of the KI solution was added and the titration made with 
the thiosulfate solution. Blanks were run with each set of determi-
nations. 
CALCULATIONS: 
Graphs were constructed for the above reagents as described for the 
Shaffer-Somogyi method and the calculations \vere made similarly. 
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Picric Acid Colorimetric Method 
SOLUTIONS; 
Saturated picric acid solittion. 
20% solution of anhydroits sodimn carbonate. 
Glucose solntion-1 milligram per milliliter in a saturated benzoic 
acid solution. 
Five milliliters of the sugar solution were introduced into a (25mm 
x 200mm) test tube followed by 10 milliliters of picric acid solution 
and 5 milliliters of the carbonate solution. The tubes were placed in 
a rack in a boiling water bath for twenty minutes. A known sample, 
approximating the concentration of the unknown, was made by dilut-
ing part of the stock glucose solution. This sample was subjected to 
the same heating conditions as the unknown. Upon removal from 
the water bath the solutions were immediately compared in a Klett 
colorimeter. 
CALCULATIONS; 
The factors given by \.Villaman and Davison (12) were used to 
calculate the amount of sugar in the sample. There is not a direct 
proportionality between the color intensity and the amount of sugar 
present (12). The milligrams of sugar present per milliliter in the 
known, multiplied h)' the factor, gives the milligrams per milliliter 
in the unknown. 
TOTAL SUGAR DETERMINATION 
For the determination of total sugars 50 milliliters of the lead-free 
filtrate used for reducing sug·ar determination were pipetted into a 
100 milliliter volumetric flask. Twenty-five milliliters of water were 
added. Five milliliters of concentrated HCl (sp. gr. 1.178) were 
slowly added and thoroughly mixed. The solution was then placed 
in a water bath and held at exactly 70°C. for ten minutes. The flask 
was immediately plunged into tap water, cooled to 20° , and neutra-
lized with NaOH solution. The solution was brought to volume and 
the sugar determined as for the reducing sugars. Nmnerous trials 
with pure sucrose solutions showed 99 per cent inversion of the su-
crose using this procedure. 
STARCH DETERMINATION 
The residue remaining in the thimbles after the alcoholic extrac-
tion contains the starch and hemicellulose. After being dried to re-
move the alcohol, the material was transferred to 125 milliliter Er-
lenmeyer flasks. As little water as possible was used to wash the 
thimbles. The flasks were placed in boiling water for thirty minutes 
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to gelatinize the starch. Ten milliliters of freshly collected saliva 
were used to digest the starch in a two gram sample. For a larger 
sample the amount of saliva was increased accordingly. Digestion 
was continued for fifteen minutes at 38°0. The solution was heated 
to stop the enzymatic action and tlien filtered while hot. The filter 
was washed with a small quantity of hot water and the solution 
brought up to 90 milliliters and placed in a 500 milliliter digestion 
flask. Ten milliliters of concentrated hydrochloric acid (Sp. gr. 
1.125) were added and the solution digested under reflux con-
densers with low flames for two hours. The solution was filtered 
while hot (the filter ·washed with hot water), cooled, neutralized 
with NaOH solution and brought up to volume (250 milliliters). 
Aliquots were used to determine the reducing power as for the 
sugars. 
HEMICELLULOSE DETERMINATION 
The precipitate remaining after the starch had been filtered off 
was put into a 500 milliliter digestion flask and water added until 
the volume was about 90 milliliters. The contents were agitated 
until the paper was well torn up and the mass of material thor-
oughly dispersed. Ten milliliters of HCl (Sp. gT. 1.125) were 
added and the solutions digested for two hours. The solutions were 
removed from the sand bath and filtered while hot into 250 milliliter 
volumetric flasks, cooled, neutralized and brought up to volume. Ali-
quots ·were taken and the reducing power determined as for the 
sugars. 
Fermentation 
To remove the fermentable sugars from a solution a yeast suspen-
sion was prepared. Two grams of Fleischmann 's yeast were sus- . 
pended in about 20 milliliters of distilled water, centrifuged, and the 
water decanted. This was repeated until the supernatant liquid was 
clear and colorless. Finally, the washed yeast was suspended in 20 
milliliters of water. Four milliliters of this solution were added to 
the solution to ferment the sugars. The fermentation was allowed to 
continue for 48 hours and then the reducing power was determined. 
RESULTS 
From the standpoint of the plant biochemist, the only sugars of any 
great importance that occur in plants are glucose, fructose, sucrose, 
and possibly the pentoses, xylose and arabinose. With the exception 
of sucrose, these sugars have a reducing action on Fehling's solution 
and are accordingly classed as reducing sugars. In order to study the 
rate of oxidation of these sugars in the respective oxidizing reagents 
used in this investigation, solutions of the sugars were prepared so 
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as to contain one half milligram per milliliter. The amount of the 
reagent reduced by the various sugars was determined at different 
time intervals and calculated as percentage of the total amount re-
duced after twenty minutes of heating in the water bath. Figure 1 
shows that xylose is oxidized less rapidly than glucose by the Shaffer-
Somogyi reagent. However, the curve seems to have reached a plateau 
at the duration of twenty minute~ so that over 90 per cent of the 
xylose is oxidized after :fifteen minutes. Figure 2 shows that the 
sugars are oxidized much more rapidly by the ferricyanide reagent. 
In :five minutes the reduction of the ferricyanide by all the sugars 
had reached over 95 per cent of the total reduction secured after 
twenty minutes. 
The standardized heating procedure specified by Munson and 
Walker was used for the Bertrand and the Shaffer-Hartmann 
methods; therefore, no reaction rates were determined for these re-
agents. The heating period of twenty minutes as suggested by Wil-
aman and Davison (12) was used throughout in the picric acid method. 
In order to calculate the amount of sugar present in the sample, 
tables or graphs were needed to find the sugar equivalent to the milli-
liters of thiosulfate used in the titration. Bureau of Standards dex-
trose was used to obtain the data for the tables. The results are 
given in Table 1 for the Shaffer-Somogyi reagent and in Table 2 
for the ferricyanide reagent. Figures 3 and 4 are the graphs for the 
same reagents. Glucose equivalents may be read from the graphs or 
calculated from the tables. The data for these graphs represent the 
average of four determinations using different solutions. This was 
done to minimize the variation that might be caused by slight changes 
in conditions during the preparati9n of the solutions. 
A number of plant tissues were extracted with alcohol and the 
reducing and total sugars determined by the methods outlined. 
Tables 3 and 4 give the results of these determinations. A comparison 
of these results immediately shows that the Hageclorn-.Jensen and 
the picric acid values are consistently much higher than those se-
cured by Bertrand's method. The Shaffer-Hartmann method gives 
slightly higher results, particularly for the reducing sugars. 
In order to determine whether the same differences would be ob-
served in the hydrolyzed products of the higher carbohydrates, the 
residues remaining after alcoholic extraction were treated as previ-
ously outlined for starch · and hemicellulose. The results were calcu-
lated as glucose. These data are presented in Table 5. It can be 
seen that the results follow the same order but that the magnitude 
of the differences is not so great between the Hagedorn~J ensen and 
the Bertrand methods. 
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TABLE 1.-MILLIGRAMS OF GLUCOSE EQUIVALENT TO MILLILITERS OF .02N 
THIOSULFATE. SHAFFER-SOMOGYI METHOD USING 10 MILLILITERS OF 
REAGENT "50" AND 10 MILLILITERS OF SUGAR SOLUTION. 
HEATING PERIOD 15 MINUTES. 
Milligrams of 
Glucose 
.25 
.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
Milliliters of 
.02N Thiosulfate 
.56 
1.13 
2.26 
3.40 
4.53 
5.66 
6.79 
7.93 
9.07 
10.20 
11.33 
TABLE 2.-MILLIGRAMS OF GLUCOSE EQUIVALENT TO MILLILITERS OF .05N 
THIOSULFATE. HAGEDORN-JENSEN METHOD AS MODIFIED BY BLISH 
Milligram s 
Glucase 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
AND SANDSTEDT. 
Milliliters of 
.05N Thiosulfate 
.64 
1.28 
1.93 
2.58 
3.23 
3.88 
4.52 
5.16 
5.80 
6.45 
7.10 
7.74 
8.39 
9.03 
9.68 
10.32 
10.97 
11.61 
12.25 
12.90 
TABLE 3.-REDUCING SUGARS AS DETERMINED BY THE DIFFERENT METHODS. 
IN MILLIGRAMS OF GLUCOSE PER GRAM OF DRY TISSUE. 
Materials 
Table Beets ... . . .. . . . 
Table Beets .. ...... . . 
Strawberry Leaves ... . 
T omat o Fruit . . . ... . . 
Soybean Leaves ..... . 
Strawberry Stems .. . . . 
Strawberry Stems .... . 
Bluegrass ........... . 
Strawberry Roots . .. . 
Bertrand 
100.0 
110.9 
14.6 
17.7 
1.31 
1.06 
1.90 
1.95 
1.81 
Shaffer· 
Hartmann 
118.5 
126.0 
17.5 
25.0 
1.10 
1.84 
1.97 
1.6 
2.08 
Methods 
Shaffer-
Somogyi 
100.0 
108.7 
13.0 
16.8 
1.20 
1.16 
1.89 
2.00 
1.80 
Hagedorn-
Jensen 
164.0 
177.0 
22.7 
33.1 
3.45 
3.6 
3.73 
4.8 
3.36 
Picric 
114.0 
117.8 
21.2 
2.48 
1.80 
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TABLE 4.-TOTAL SUGARS AS DETERMINED AFTER HYDROLYSIS. IN 
MILLIGRAMS OF GLUCOSE PER GRAM OF DRY TISSUE. 
Materials 
Table Beets . .. .. . . . . . 
Table Beets ..... . ... . 
Tomato Fruit ........ . 
Strawberry Leaves ... . 
:Soybean Leaves 
Strawberry Stems .. .. 
Apple Roots .. ......• 
Bluegrass .. . ........ . 
Strawberry Roots ... . . 
Bertrand 
245. 
222.4 
34.l 
15.04 
18.3 
32.8 
2.41 
5.07 
4.71 
Shaffer· 
Hartmann 
• 266. 
226.0 
38.4 
14.25 
19.0 
36.8 
4.56 
5.2 
5.12 
Methods 
Shaffer-
Somogyi 
203. 
215.0 
32.2 
15.3 
19.0 
34.4 
2.84 
4.95 
4.64 
Hagedorn-
Jensen 
338. 
300.0 
53.5 
22.5 
26.7 
39.7 
4.12 
7.75 
7.12 
Picric 
238. 
228. 
23.0 
s:ss 
6.00 
17 
TABLE 5.-MILLIGRAMS OF GLUCOSE PER GRAM OF DRY TISSUE AS DETERMINED 
FROM HYDROLYZED STARCH AND HEMICELLULOSE. 
Materials 
Beets . ..... .. . . . . ... . 
Sugar Beet Leaves . . . 
Tomato Stems ..... .. . 
Soybean Leaves 
*Sugar Beet Leaves .. 
*Tomato Stems .... . . 
*Soybean Leaves 
*Hemice1lulose. 
Bertrand 
72.0 
66.3 
47.6 
34.4 
66.4 
202.4 
92.8 
Shaffer· 
Hartmann 
73.2 
77.2 
50.8 
35.6 
81.6 
212.8 
106. 
Methods 
Shaffer-
Somogyi 
60.0 
62.6 
50.4 
34.5 
71.4 
189.0 
96.0 
Hagedorn-
Jensen 
74.2 
60.7 
57.1 
49.1 
113.0 
284.0 
150.0 
Picric 
62.0 
79.0 
58.0 
39.0 
116.0 
264.0 
123.0 
Strepkov's method (17) of determining the amount of sug·ar by 
titrating the ferrocyanide was compared with the method of Hage-
dorn-Jensen, in which the remaining unreduced ferricyanide is deter-
mined. The results given in Table fi show that the ferricyanide re-
moved from solution is all or very nearly all reduced to ferrocyanide. 
TABLE 6.-MILLIGRAMS OF SUGAR, EXPRESSED AS GLUCOSE PER GRAM OF DRY 
TISSUE, AS DETERMINED BY THE FERRICYANIDE-IODINE AND THE 
FERROCYANIDE-DICHROMATE METHODS. 
Materials 
Soybean Leaves . . .... . . 
Tomato Fruit . . . . ..... . 
Beets ... . .... . ........ . 
Beet Leaves .. . ..... .. . . 
T omato Stems ..... . ... . 
Iodine 
3.45 
53.5 
185.5 
14.1 
6.56 
Methods 
Di chromate 
3.57 
53.7 
221.0 
13.8 
6.81 
Figure 5 shows that the reduction by the plant extracts is not 
-complete in a few minutes, instead a considerable reaction continues 
to take place at the end of twenty minutes. This points to the pres-
ence of reducing substances other than sugars. 
A few determinations were made using a heating period of six 
minutes. These also gave appreciably higher results for the Hage-
<lorn-J ensen method. 
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The nature of the reducing substances causing the higher results 
of the Hagedorn-Jensen method was investigated. Solutions of the 
plant extracts were divided into two equal portions. The reducing 
value of one portion was determined. Four milliliters of a yeast 
suspension were added to the other. The reducing value of the sec-
ond portion was determined after the sugars had been destroyed by 
fermentation. Table 7 shows the results of these investigations. For 
fermentable sugars the Hagedorn-Jensen method and the Bertrand 
method give almost identical values. The higher results of the fer-
ricyanide reagent are caused by non-fermentable reducing substances. 
TABLE 7.-PER CENT OF REDUCING SUBSTANCES, CALCULATED AS GLUCOSE. 
DRY WEIGHT BASIS. 
l:Sertrand Hagedorn-} ensen 
Reducing True Reducing True Materials Total Re- Substances Sugars Total Re- Substances Sugars ducing Sub- after Fer- Ferment# ducing Sub- after Fer- Ferment· 
stances mentation able stances mentation able 
Soybean Leaves 2.23 0.16 2.07 3.37 1.33 2.04 Apple Spurs 1.18 0.51 0.67 8.04 7.25 0.79 Strawberry Stems 1.16 0.25 0.91 2.61 1.75 0.86 Strawbeny Leaves 2.62 0.75 1.87 3.74 1.97 1.77 
Beets 11.02 1.48 9.54 15.00 4.44 10.56 
DISCUSSION 
The glucose equivalents given in Table 1 were found to agree with 
the values given by Shaffer and Somogyi for the smaller amounts of 
sugar. A .02N thiosulfate solution was used in place of .005N solu-
tion and the range of the reagent was extended to 4.4 milligrams of 
glucose per 10 milliliters of solution. 
The glucose standardization data presented in Table 2 became 
nearly a straight line when plotted as shown in figure 4. This is 
in contradiction to the work of Hanes· ( 8) who reports that the re-
lationship between glucose oxidized and ferricyanide reduced is not 
linear. The linear relationship secured may be the result of follow-
ing the procedure adopted by Blish and Sandstedt (9) and using a 
greater excess of the reagent. Miller and Van Slyke (18) state 
that a large excess of ferricyanide gives an accurate proportionality 
between the ferricyanide reduced and the glucose oxidized. 
Considering the data in Table 3, it is observed that slightly higher 
results were secured throughout with the Shaffer-Hartmann method 
than with the Bertrand method. Marsh and Dickson* have com-
pared the two methods for sugar determination on wheat and soy-
beans. They found the Shaffer-Hartmann method gave uniformly 
higher results. Table 4 shows that the percentage deviation be-
•As cited by the Committee on Methods of Chemical Analysis of the American Society of Plant Physiologists. ( 19) 
20 MISSOURI AGRICULTURAL EXPERIMENT STATION 
tween the two methods was much less for the total than for the 
reducing sugars. This was also in agreement with previous investi-
gations ( 19). 
The higher results secured by the Hagedorn-Jensen and the picric 
acid methods presumably are caused by non-fermentable reducing 
substances. The reagents are much less specific than the others used. 
In order to secure true sugar values with these methods, clearing 
agents other than those used in the present investigation must be 
found. A few preliminary experiments conducted with some mer-
cury salts gave promise in this direction. Successful removal of non-
fermentable reducing substances from blood serum using mercuric 
nitrate or sulfate has been reported (20). 
Table 7 shows that the Hagedorn-Jensen method gives values that 
parallel very closely those of Bertrand's method for fermentable 
sugars. 
Quoting from Phillips (21), "It is probably safe to assume that 
the reagent giving the lowest amount of sugar in a given extract has 
determined all the true sugars present, and that the excessive values 
obtained by other methods are due to non-sugars to which these 
reagents are sensitive.'' 
Of the methods used in this investigation those of Bertrand and 
Shaffer-Somogyi gave the lowest results. In most cases the results 
of the Shaffer-Somogyi method were in close agreement with the 
Bertrand values. 
No doubt the Bertrand method is the most accurate for solutions 
containing more than .25 milligram of reducing sugar per milliliter, 
if special care is exercised in the filtering and dissolving of the 
cuprous oxide. However, the. procedure is comparatively long. The 
biochemist who must make many determinations is interested in 
more rapid methods that approach the accuracy of the Bertrand 
method. l!-,or the plant materials used in this investigation, Shaffer 
and Somogyi 's method appears to fill these requirements. The writ-
ers realize that the samples used in these experiments represent a 
small portion of the possible materials and that its application to 
other materials may not be so satisfactory. 
ADOPTED PROCEDURE FOR THE DETERMINATION OF CAR-
BOHYDRATES IN PLANT TISSUES 
Shaffer-Somogyi Method, Modified. 
Based on the results secured in these experiments and those of 
other investigators, the following procedure has been adopted for the 
determination of carbohydrates in plant tissues. It has been used 
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successfully during the past two years in the laboratories of the 
Department of Horticulture, AgTicultural Experiment Station, Uni-
versity of Missouri. 
Reagents 
Copper-iodometric Reagent "50".-This solution is prepared by 
dissolving 25 grams of sodium carbonate and 25 grams of sodium 
potassium tartrate (Rochelle Salt) in about 600 milliliters of dis-
tilled water. Seventy-five milliliters of a 10 per cent copper sulfate 
solution is then added through a pipette extending below the sur-
face of the liquid. This is followed by the addition of 20 grams of 
sodium bicarbonate, 1 gram of potassium iodide, and 200 milliliters 
of a solution of potassium iodate containing 3.567 grams of pure 
KI03 per liter. The solution is thoroughly mixed, rinsed into a liter 
volumetric flask, and made up to volume. If kept in a stoppered 
Pyrex bottle and protected from strong light, the solution will re-
main unchanged for months. The iodate content of the reagent may 
be varied according to the amount of sugar to be determined. If 
the reagents are made as directed, any quantity less than 4.40 milli-
grams of glucose per 10 milliliters of solution may be determined. 
Reagent '' 50'' should be carefully prepared with high quality 
chemicals because a slight change in alkalinity affects the results 
measurably. 
Potassiitm iodide-potass1:11m oxalate solution.-2.5 grams of each 
are dissolved in distilled water and made up to 100 milliliters. By 
making a new solution each week and keeping it in a dark colored 
bottle, deterioration products may be avoided. Any free iodine 
present will cause considerable error in the determination. 
Thiosulfate.-An approximately .lN stock solution of sodium thio-
sulfate may be used to prepare an exactly .02N solution. A few 
milliliters of NaOH (lOcc of .lN per liter of solution) will help 
increase the stability of the stock solution. A number of methods may 
be employed to standardize the solution. If the iodate solution used 
for reagent '' 50 '' is carefully made, it may be used for the standard-
ization. The amount of stock solution .needed for the .02N solution 
is calculated from the normality factor and the solution is diluted 
to the required volume. The diluted solution should be well mixed 
and allowed to stand a few hours before using. It is well to make the 
stock solution several days before standardizing it. 
1N Sulfuric acid solitt?:on-made by diluting concentrated H2SO~ 
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Procedure 
The extraction of the sugars and the clearing of the solutions are 
described under methods (Seep. 4). 
Ten milliliters of the sugar solution are placed in a 25mm x 200mm 
test tube and 10 milliliters of reagent "50" introduced. The solutions 
are heated and titrated according to the procedure given previously 
with the Shaffer-Somogyi method. The titration value is subtracted 
from the heated blank titration. The resulting sugar equivalent may 
be read from a graph prepared from the analysis of known pure 
glucose solutions, Figure 3. 
SUMMARY 
1. An investigation was made of the comparative efficiency, accuracy 
and reliability of five popular methods of sugar determination 
in plant extracts. The sugars were secured either directly from 
plant tissues or as hydrolysis products of starch or ''·hemicellu~ 
lose". The methods studied were: (a) Bertrand 's, with lVIurt-
son-Walker heating procedure; (b ) Shaffer-Hartmann's ; (c) 
Shaffer-Somogyi 's; ( d) Hagedorn and Jen sen 's, modified and 
( e) "\Villaman and Davison's. 
2. From 15 to 50% and occasionally as much as 200% higher results 
were obtained with the Hagedorn-Jensen method for reducing 
and total sugars. These abnornially high values were caused by 
the presence of non-fermentable reducing substances. 
3. The Shaffer-Hartmann method gave slightly higher results than 
the Bertrand method. The differences were more pronounced for 
reducing than for total sugars. 
4. Bertrand's method was found to be the most accurate of all those 
studied, if it is assumed that all true sugars are determined by 
this procedure. 
5. The Shaffer-Somogyi method evidently is nearly as accurate as 
Bertrand's and is more efficient and convenient. 
6. A procedure, used successfully for the determination of carbo-
hydrates in plant material by the Shaffer-Somogyi method, is 
presented in detail. 
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